Abstract. Plastic bags are unusually comfortable solution for consumers (particularly if are free of charge) and constitute a sort of sign of time. However, they are also an enormous environmental challenge, because they become waste after a very short life cycle. In the world this problem had already been noticed some time ago and many states took action being aimed at limiting the use of disposable plastic carrier bags. In 2018 Poland, forced by notations of the EU directive, was also included in the group of these states. This article was devoted to discussion about a solution accepted in Poland and its contribution to the accomplishment of the concept of sustainable development. As the result of the study it can be stated that it is possible to limit the consumption of disposable plastic bags in Poland, however another fear is a fact that the first signals of the leakiness of the system and the possibility of avoiding the recycling fee already appeared.
Introduction
Probably the modern society would not be able to live without plastic. At present this invention of the 20th century has such a wide application that we meet it all along the way. In Europe almost 40% of plastic is used on the packages market (Plastcs Europe, 2015) . It is not only about direct packages, but also plastic bags, in which consumers bring shopping from shops to houses. We can divide these bags on disposable and reusable, and definitely the first kind is more popular. For the first time they were entered into use at the end of 70s of the last century and thanks to their convenience and usefulness were quickly accepted both by retail sellers, as well as consumers (Rivers, Shenstone-Harris and Young, 2017; Androniceanu and Drăgulănescu, 2016; ChwisteckaDudek, 2016) . They were extraordinary popular also due to a fact that for many years they were also available to customers for free in practically unlimited amount. However, since the certain time the situation started to change, mainly because of noticing many threats to the natural environment, which result from such universal use of plastic bags. Many states made efforts being supposed to limit their availability by imposing an obligation of charging for given bags on sellers, whether even the introduction of a prohibition of using them. In Poland adequate rules came into force on 1 January 2018.
The purpose of this article is a review of world solutions in the matter of restriction of the use of disposable plastic bags and a discussion about obligatory rules in Poland and their possible influence on the realization of the concept of sustainable development.
Sustainable packaging
Packages became an integral element of contemporary manufacturing and consumption systems. They are essential for the protection of goods during the storage and the transport on various stages of the supply chain. They are supposed to prevent damage and to protect goods from the influence of external factors (and inversely). Moreover, they are important in the communication with consumers, providing information about products contained in them (Williams, Wikström and Löfgren 2008, Lewis 2005) . However, they have their impact on the environment -the main problem is the consumption of the considerable amount of raw materials (largely non-renewable) used for their production and utilization of packaging wastes (Zailani and others 2012, Oláh and others 2017) . Every year vast quantities of packages are produced with intention of their single use and throwing away (Khalil and others 2016) . It causes that for many countries packaging wastes constitute a serious problem, which they are trying to solve to a lot of different ways. Traditional prospect, adopted also by the European Union under the directive 94/62/EC on packaging and packaging waste, focuses on reducing the amount of packages, recycling and reuse of packaging wastes. However this approach, even if it contributes to the increase of the level of recycling and to limitation of storing on dumps, is not able to solve the problem of the increasing amount of packaging wastes. Because preventing the production of waste is more complicated and cannot be limited only to recycling and reuse. It is necessary to adopt a broad perspective and thinking based on the life cycle at simultaneous introduction of changes in the model of the production and the consumption (Tencati 2016) . Because a comprehensive attempt at the influence of packages on the environment starting from the stage of design, through production, to recycling or reuse is extremely significant (Pålsson, Finnsgård and Wänström 2013, Grabara and Dura and Drigă, 2016) . Many researchers also underline that considering the environmental influence of packages the system perspective should be adopted, which will include both the package and the product contained in it (Lindh, Olsson and Williams 2016, de Koeijer, de Lange and Wever 217) .
The reply to these requirements is a balanced package implementing the concept of the sustainable development presented in the document "Our common future" from 1987 by including purposes and principles of the sustainable development in the entire life cycle of packages (Martinho 2015) . The packaging industry should minimize the negative environmental impact, social costs and economic on stages of manufacturing, distribution, the use and reuse packaging products (Dang, Chu 2016) . Despite the growth of an interest in the sustainable packaging idea, in the area of defining it a consensus was not been still made. Two most popular definitions were formulated by Sustainable Packaging Alliance (SPA) in Australia and Sustainable Packaging Coalition (SPC) in the USA (Verghese, Horne and Carre 2010) . The SPA presentation is based on four main principles (Figure 1 ). According to it the balanced package should be effective (both in terms of costs, as well as the functionality), efficient (with reference to using financial resources and the energy), cyclical (enabling the recycling through natural and industrial systems) and safe (harmless and non-toxic, thanks to they are not harmful for people and ecosystems) (Grönman and others 2013) . SPC based its vision on the 8 key criteria according to which sustainable packaging should (GreenBlue, 2011):
• be beneficial, safe & healthy for individuals and communities throughout its life cycle • meet market criteria for performance and cost • be sourced, manufactured, transported, and recycled using renewable energy • optimize the use of renewable or recycled source materials • be manufactured using clean production technologies and best practices • be made from materials healthy throughout the life cycle • be physically designed to optimize materials and energy • be effectively recovered and utilized in biological and/or industrial closed loop cycles.
In these two conceptualizations of sustainable packaging it is possible to notice a lot of similarities. Both they put emphasis on the entire life cycle and requirements connected with the productivity and the functionality of the package, they pay attention on its safety and an efficient use of materials applied for its production. It is also about material cycles and the need to apply renewable materials (de Koeijer, Wever and Henseler 2017). So it is possible to accept that balanced package is such a package, which "is sourced responsibly, designed to be effective and safe to human health or ecosystems, made efficiently with renewable energy and meets market criteria for cost and performance, and once used, is recycled or reused efficiently to provide valuable resources for subsequent generations" (Nordin, Selke 2010) .
Counterbalance of packages can be achieved on three levels: raw materials, the production and the waste disposal. On the first level it is connected with using renewable materials or these from the recycling, thanks to what using fossil fuels and the carbon dioxide emission are being limited. On the production level energyefficient processes are used for a stability. On the level of the waste disposal it can be however achieved through the reuse, the recycling and the biodegradation (Licciardello 2017) . Additionally it should be underlined that balanced solutions in the area of packages cannot be drawn up only by one company in isolation from remaining cells of the supply chain. The holistic approach to the sustainable development of packages because lets for minimizing the risk of suboptimization (Lindh and others 2016) .
Characteristics of plastic bags
Plastic carrier bags are omnipresent in contemporary world. According to the definition included in the directive (UE) 2015/720 of the European Parliament and of the Council "plastic carrier bags shall mean carrier bags, with or without handle, made of plastic, which are supplied to consumers at the point of sale of goods or products". Among them it is possible to distinguish light plastic carrier bags (plastic carrier bags of material thicknesses below 50 microns) and very light plastic carrier bags (plastic carrier bags of material thicknesses below 15 microns, which are required for hygienic reasons or offered as basic packaging of food, when it helps prevent food waste) (Directive (EU) 2015/720). On account of the reusability plastics bags are being divided into disposable and reusable bags. Multiple-use (reusable)
They are made either from low density polyethylene (LDPE/LLDPE) or polypropylene (PP) which is even more durable. They are usually sold at supermarket cash registers for a higher price than single-use ones (if ever charged) and some supermarkets will exchange them for a new bag without charge if they become damaged 88,3
Plastic carrier bags owe their huge popularity to the fact that they are inexpensive, have a high endurance to mass ratio (they are light, however tough enough to carry shopping in them), they are waterproof, hygienic and it is possible to use them for many different applications (Lewis, Verghese and Fitzpatrick 2010, Asmuni and others 2015) . For consumers they are a favourable solution, however they have a negative impact on the environment. Non-renewable resources are being used for their production (e.g. petroleum), and their disintegration takes hundreds of years (Jakovcevic 2014) . What is more important, used plastic bags contribute to air, soil and water pollution, as well as constitute the substantial threat to health and life of many species of animals, and even people ( European Union countries are one of chief consumers of plastic bags. In 2010 almost 100 billion plastic bags were used in them, which means that the average European used almost 200 bags at that time, both disposable, as well as reusable bags (however it should be remembered that the level of consumption of bags for one resident is different in individual Member States -see Fig. 2 ). Detailed data concerning average consumption of bags are presented in table 2. In order to reduce negative impact on the environment used plastic bags can be recycled, however this solution is applied on a small scale. Almost 40% of used plastic bags collected by council or private waste collection systems in countries of the European Union is used for energy recovery, however still almost 50% of this type of waste is taken away to stockpiles (in addition it should be remembered that the considerable part of plastic bags is not being collected and pollute the environment). It is a proof of a huge waste and ineffective waste disposal. On the assumption that the production of 1 HDPE bag needs 0.39 MJ of energy, every year the equivalent of 19 MJ (5276 GWh) is being stored on dumps in the EU (European Commission 2013).
Ways of reducing the consumption of disposable plastic bags in chosen states of world
In relation to the negative influence of disposable plastic bags to the environment a lot of states take action aimed at limiting availability of this type of bags. Such solutions have been already implemented in several dozen states, in addition they have a diverse reach and character. Most often they assume the form of the total ban on using disposable plastic bags, taxes or payments, as well as voluntary agreements with sellers (mainly with supermarket chains) (Poortinga, Whitmarsh and Suffolk 2013 , Martinho, Balaia and Pires 2017 , Thomas, Poortinga and Sautkina 2016 , Xanthos, Walker 2017 Jankalová, Jankal 2017) .
Ireland constitutes the most well-known example of system solving a problem of exaggerated consumption of disposable plastic bags. In 2002 0.15 Euro tax was introduced there, as a result of which the demand for these bags fell by more than 90% (from 328 to 21 pieces per capita per year). In the first year of applying this tax income of it amounted about 12 million Euro, in the following years it was 13-14 million Euro per year. This income is being transferred for covering administration costs connected with this tax (circa 3% of income) and for the realization and the promotion of many environmental programs. In 2007 in relation to the growth in consumption of disposable plastic bags tax amount was increased up to 0.22 Euro (Convery, McDonnell and Ferreira 2007 , https://www.cga.ct.gov). There are many proofs that introduction of taxes results in reducing the demand for plastic carrier bags (Wagner 2017) , however there are also coincidences of countries, in which implemented solutions did not worked put, because they took only a short-term effect (Dikgang, Leiman and Visser 2012).
Apart from public authorities actions it is also possible to find out many initiatives taken voluntarily by commercial networks (Mudgal and others 2011) . These initiatives seem to be peculiarly valuable in countries, which not yet became interested in a problem of exaggerated consumption of plastic carrier bags.
Polish solution in reducing the consumption of light plastic carrier bags
According to the directive of 2015 Poland, similarly to all other members of the European Union, was obligated for solving out the problem of exaggerated consumption of disposable plastic bags. The transposition of EU rules into Polish legislation was made by the Act of 12 October 2017 amending the act on the management of packages and packaging wastes and some other acts. The legislator decided about the application of the second from two solutions suggested by the European Union that is of the introduction of an obligation of charging for light plastic bags. As it was legalized in a bill, choice of this solution resulted from the current market practice, because the majority of trading networks already gave up giving free bags, what contributed to the fall in the consumption of disposable bags for about 36% (from estimated 470 bags per capita per year to circa 300 bags per capita per year) (Ministerstwo Środowiska, 2017) .
According to provisions of this act sellers are obliged to charge recycling fees from their customers for light carrier plastic bags, which are given to them, in addition very light bags are exempt from these fees (which thicknesses is below 15 microns). This payment constitutes the income of the state budget, and its maximum height was set on the level of 1 PLN for one bag, in addition the rate in the given year is being defined by ordinance (Dz. U., 2017, poz. 2056) . Under Regulation of the Minister for the Environment of 8 December 2017 on the rate of the recycling fee from 1 January 2018 the rate of the recycling fee is 0,20 PLN for one light plastic carrier bag (Dz.U., 2017, poz. 2389). For giving to customers light plastic bags without colleting recycling fee the trade unit can be punished by an administrative penalty from 500 to 20 000 PLN (https:// www.mos.gov.pl).
In relation to interpretation of the Ministry of Finance, which legitimized that the recycling fee is included in the tax base and VAT tax should be added to it, consumers will have to pay at least PLN 0.25 for the light plastic bag (rather than 0,2 PLN, as follows from the Regulation) (http://podatki.gazetaprawna.pl). According to Mateusz Morawiecki's announcements, income from the recycling fee concerning light plastic bags are supposed to be used in the fight against the smog (http://www.rp.pl).
Despite of setting the flat rate of the recycling fee in individual shops and commercial networks customers meet different prices of light plastic bags. This fee is a minimum rate, to which shops can add the costs of purchase of bags, or even a profit margin to their sale. Networks, which had already introduced payments for bags, have usually simply added 0,25 PLN to the previous price. However, there is no lack of ideas of avoiding requirements of the act. An example of such idea can be Biedronka supermarkets, which implemented plastic bags of a thickness of 52 microns, thanks to what they are not embraced with recycling fee. Pepco probably implemented similar solutions. This network offers bags for 0,2 PLN, that is fewer than the recycling fee amounts (http://www.rp.pl).
Conclusions
Disposable plastic carrier bags are very comfortable in use, however they constitute the enormous burden for the natural environment. It is not only about using a lot of non-renewable stores for their production, but above all about their negative influences as waste. They not only pollute air, soil and waters, but also pose an essential threat to many species of animals, and in future also for people, through the permeation to the food chain.
Luckily, these problems are more and more universally noticed and many states are adopting measures being aimed at the reduction of the consumption of disposable carrier bags. This actions can assume the form of the ban on using light plastic carrier bags, payments and taxes, or voluntary agreements with commercial networks. International organizations and institutions, like e.g. the European Union which obligated all Member States for dealing with the problem of exaggerated consumption of plastic bags, play very important role in propagating these solutions. Responding to this request, the recycling fee of 0,2 PLN (gross 0,25 PLN) was introduced in Poland from 1 January 2018. It includes all light carrier bags of the thickness from 15 to 49 microns (bags of the thickness below 15 microns are exempt from it, if they are intended to pack loose food, constituting its basic package).
At present it is too early for the evaluation of the effectiveness of the accepted solution and the efficiency of the implemented system. Looking at achievements of other countries one may hope, that also in Poland it is possible to limit the consumption of disposable plastic bags, however another fear is a fact that the first signals of the leakiness of the system and the possibility of avoiding the recycling fee already appeared. At this stage it is also hard to assess the real significance of the adopted solution with regard to the sustainable development.
Of course every reduction of the production of disposable plastic carrier bags allows for saving raw materials, which would be used for producing them, however it still do not guarantee positive environmental balance. Disposable plastic carrier bags can be also replaced e.g. with paper bags (not reusable bags), what in the general account can turn out to be a worse solution. Reduction of the demand for plastic bags can also have negative economic and social impacts (rundown resulting closing plants and dismissing workers), however for now we have no data concerning appearance of this problem in Poland.
It seems that from the promotion of sustainable development point of view of, the solution implemented in Poland has no educational aspect, consisting in making the society aware of environmental problems associated with using plastic carrier bags. Introduction of the recycling fee was not preceded by the intensive information action justifying the meaning of its application, therefore cases of avoiding it do not meet the social ostracism, but instead are often approved. Until people do not understand, that the concern for the environment is simply cost effective, they will not pay greater attention to this aspect and they will concentrate only on economic issues and will criticize the need to pay extra charges.
To sum up, the solution implemented in Poland corresponds with goals of the sustainable development and is a step in the right direction, however acceptation of the broad perspective and implementation of more comprehensive actions are still necessary.
